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QDQRIOXLG OD\HU LQZKLFK QDQRSDUWLFOH FRQFHQWUDWLRQ RQ WKH WRS LV KLJKHU WKDQ WKDW DW WKH ERWWRP LV FRQVLGHUHG1RUPDOPRGH
WHFKQLTXHDQGVLQJOHWHUP*DOHUNLQPHWKRGLVHPSOR\HGWRLQYHVWLJDWHWKHVWDELOLW\DQGGHULYHWKHHLJHQYDOXHSUREOHP%URZQLDQ
PRWLRQ DQG WKHUPRSKRUHWLF IRUFHV DUH LQWURGXFHG GXH WR WKH SUHVHQFH RI QDQRSDUWLFOHV 7KHPRGH RI LQVWDELOLW\ LV LQYDULDEO\
WKURXJKVWDWLRQDU\FRQYHFWLRQ7KHRVFLOODWRU\LQVWDELOLW\PD\EHSRVVLEOHZKHQQDQRSDUWLFOHVFRQFHQWUDWHQHDUWKHERWWRPRIWKH
OD\HU VR WKDW WZR EXR\DQF\ IRUFHV DFW LQ RSSRVLWH GLUHFWLRQV 7KH YDOXH RI WKH FULWLFDO 5D\OHLJK QXPEHU LV GHFUHDVHG E\ D
VXEVWDQWLDO DPRXQW GXH WR WKH SUHVHQFH RI QDQRSDUWLFOHV 7KH FULWLFDO 5D\OHLJK QXPEHUV DQG WKH FULWLFDO ZDYH QXPEHUV IRU
DOXPLQDZDWHU QDQRIOXLG DQG FRSSHUZDWHU QDQRIOXLG IRU GLIIHUHQW YDOXHV RI &KDQGUDVHNKDU QXPEHU DQG SRURVLW\DUH IRXQG
$OXPLQDZDWHUQDQRIOXLGLVIRXQGWRH[KLELWKLJKHUVWDELOLW\DVFRPSDUHGWRFRSSHUZDWHUQDQRIOXLGLQWKHSUHVHQFHDEVHQFHRI
PDJQHWLF ILHOG DQGRU SRURXV PHGLXP (IIHFW RI QDQRSDUWLFOH YROXPH IUDFWLRQ DQG WHPSHUDWXUH GLIIHUHQFH RQ VWDELOLW\ RI WKH
V\VWHPLVLQYHVWLJDWHGWDNLQJSHUPLVVLEOHYDOXHVRIYDULRXVSDUDPHWHUV0DJQHWLFILHOG%URZQLDQWRWKHUPDOGLIIXVLYLW\UDWLRDQG
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UHYHDOHG WKH IDFW WKDW VXFKFROORLGDO VXVSHQVLRQVFDQ VHUYH WKHSXUSRVHRIKHDW WUDQVIHUPHGLXPGXH WR WKHLUKLJK
WKHUPDO FRQGXFWLYLW\ 7KH HQKDQFHG SK\VLFDO SURSHUWLHV RI QDQRIOXLGV PDNH WKHP XVHIXO IRU D ZLGH UDQJH RI
DSSOLFDWLRQVLQFOXGLQJIRRGLQGXVWULHVGUXJGHOLYHU\DQGFHUDPLFV*LEEVHWDO>@'DYLVHWDO>@0RWLYDWHGE\
WKLV IDFW %XRQJLRUQR >@ FRQWULYHG WKH FRQVHUYDWLRQ HTXDWLRQV RI D QRQKRPRJHQRXV HTXLOLEULXP PRGHO RI D
QDQRIOXLG8VLQJ WKLVPRGHO7]RX >@1LHOGDQG.X]QHWVRY>@PDGHD VXFFHVVIXOHIIRUW WR VWXG\ WKHSUREOHPVRI
WKHUPDODQGWKHUPRVROXWDOLQVWDELOLW\RQQDQRIOXLGV)XUWKHUWKHSUREOHPRIWKHUPDOFRQYHFWLRQRIQDQRIOXLGOD\HULQ
SRURXVPHGLXP KDV EHHQ RYHUFRPH E\1LHOG DQG.X]QHWVRY> @ZLWK WKH KHOS RI'DUF\PRGHO DQG%ULQNPDQ
PRGHO UHVSHFWLYHO\  ,QSRURXVPHGLXP LWKDVEHFRPHDQREYLRXVDQGGHPDQGLQJSUREOHPGXH WR LWVXVDJHRYHU
ZLGHUDQJHRIDSSOLFDWLRQVOLNHVWRUDJHRIDJULFXOWXUDOSURGXFWVJHRWKHUPDOUHVHUYRLUVDQGHQKDQFHGRLOUHFRYHU\






ZLWK WKH LQFUHDVH LQ +DOO SDUDPHWHU 7KLV VXEMHFW RI PDJQHWRK\GURG\QDPLFV DWWUDFWHG WKH DWWHQWLRQ RI UHVHDUFK
ZRUNHUV GXH WR LWV DSSOLFDWLRQV LQ DVWURSK\VLFV JHRSK\VLFV DQG HQJLQHHULQJ.HHSLQJ LQPLQG WKH HQKDQFHG KHDW
WUDQVIHU FKDUDFWHULVWLFV RI QDQRIOXLGV ZKLFK DUH RI SDUDPRXQW SUDFWLFDO XVH LQ H[WUDFWLRQ RI PD[LPXP RLO IURP
XQGHUJURXQGUHVHUYRLUVDQGWDNLQJLQWRFRQVLGHUDWLRQWKHSRURVLW\DQGPDJQHWLFILHOGRIHDUWKRXULQWHUHVWLVWREULQJ
RXW WKH HIIHFW RI PDJQHWLF ILHOG DQG SHUPHDELOLW\ RQ WKH WKHUPDO LQVWDELOLW\ RI D QDQRIOXLG OD\HU 1RUPDO PRGH
WHFKQLTXHDQGZHLJKWHGUHVLGXDOVPHWKRGKDVEHHQHPSOR\HGWRREWDLQWKHVWDELOLW\DQDO\VLVIRUDOXPLQDZDWHUDQG




ZKLFK LV DVVXPHG WR EH DW UHVW LQLWLDOO\'LVWXUEDQFH LV FDXVHG E\ KHDWLQJ IURP WKH ERWWRP VR WKDW  7 7 DUH WKH
WHPSHUDWXUHV DQG  φ φ  φ φ> DUH WKH YROXPH IUDFWLRQV RI QDQRSDUWLFOHV DW ORZHU DQG XSSHU ERXQGDULHV
UHVSHFWLYHO\3RURXVPHGLXPFRQVLGHUHGKDVSRURVLW\İDQGPHGLXPSHUPHDELOLW\ N ,QDGGLWLRQWRWKH/RUHQW]IRUFH
DFWLQJ YHUWLFDOO\ XSZDUG GXH WR DSSOLHG YHUWLFDOPDJQHWLF ILHOG WKH QDQRIOXLG OD\HU LV DFWHG RQE\JUDYLW\ IRUFH
 J= −J 7KHK\GURPDJQHWLFHTXDWLRQVUHOHYDQWWRWKHSUREOHPLQWKHOLJKWRI+RUWRQ5RJHUV/DSZRRGPRGHO
%XRQJLRUQR>@1LHOGDQG.X]QHWVRY>@DQG&KDQGUDVHNKDU>@DUH
 '∇ =Y  
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ZKLFK LV LQDJUHHPHQWZLWK WKHH[SUHVVLRQRI<DGDYHWDO >@ LQ WKHDEVHQFHRI URWDWLRQ7KHFULWLFDOYDOXHVDUH
FKDUDFWHUL]HG E\ WKH FRQGLWLRQ ( ) F[ [DG5 G[ = = ZKHUH   D [π= 7KH YDOXHV RI F5 IRU DOXPLQDZDWHU DQG FRSSHU
ZDWHUQDQRIOXLGVZLWKWKHYDULDWLRQLQPDJQHWLFILHOGDQGSRURVLW\DUHIRXQGQXPHULFDOO\DQGSUHVHQWHGJUDSKLFDOO\
$FFRUGLQJ WR %XRQJLRUQR>@ DQG 7]RX>@WKHUPRIOXLG FKDUDFWHULVWLFV IRU DOXPLQDZDWHU QDQRIOXLG DUH  7 .Δ =
  φ φ φΔ = − =  φ = 15 = %71 =   β −= × 5ρ = DQG IRU FRSSHUZDWHU QDQRIOXLG DUH
 7 .Δ =   φ φ φΔ = − =  φ = %71 = 15 =   β −= × 5ρ = 
329 Urvashi Gupta et al. /  Procedia Engineering  127 ( 2015 )  325 – 332 
)LJ9DULDWLRQRIFULWLFDO5D\OHLJKQXPEHUZLWK4IRU ε = IRU  $O 2 ZDWHUDQG&XZDWHUQDQRIOXLG
8VLQJ WKHDERYHVHWRISDUDPHWULFYDOXHV)LJXUHVVKRZWKHQHXWUDO VWDELOLW\FXUYHV IRUDOXPLQDZDWHUDQG
FRSSHUZDWHU QDQRIOXLGV WR H[KLELW WKH HIIHFW RI PDJQHWLF ILHOG SRURVLW\ YROXPH IUDFWLRQ RI QDQRSDUWLFOHV DQG
GLIIHUHQFH RI WHPSHUDWXUH RQ WKH ERXQGDULHV UHVSHFWLYHO\ )LJXUH VKRZ WKHYDULDWLRQ RIFULWLFDO5D\OHLJKQXPEHU
ZLWKWKH&KDQGUDVHNKDUQXPEHU7KHYDOXHVRIFULWLFDO5D\OHLJKQXPEHU F5 LQFUHDVHVLJQLILFDQWO\ZLWKWKHLQFUHDVH
LQ&KDQGUDVHNKDU QXPEHU IRUERWK W\SHVRI QDQRIOXLGV7KXVPDJQHWLF ILHOG KDV D VWURQJ VWDELOL]LQJ HIIHFW DQG LW
SRVWSRQHVWKHRQVHWRIFRQYHFWLRQ7KHFULWLFDO5D\OHLJKQXPEHUIRUDOXPLQDZDWHUQDQRIOXLGLVPRUHWKDQWKDWIRU




)LJ9DULDWLRQRIFULWLFDO5D\OHLJKQXPEHUZLWKSRURVLW\IRU 4= IRU  $O 2 ZDWHUDQG&XZDWHUQDQRIOXLG
)LJXUHV  VKRZ WKH YDULDWLRQ RI WKHUPDO 5D\OHLJK QXPEHU IRU   φΔ = DQG  7Δ = 
UHVSHFWLYHO\ &OHDUO\ DV WKH GLIIHUHQFH LQ FRQFHQWUDWLRQ RI QDQRSDUWLFOHV DW WKH ERXQGDULHV LQFUHDVHV WKHUH LV D
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)LJ(IIHFWRIYROXPHIUDFWLRQRIQDQRSDUWLFOHVRQ D5 IRU 4= IRU  $O 2 ZDWHUDQG&XZDWHUQDQRIOXLG
)LJ(IIHFWRIWHPSHUDWXUHGLIIHUHQFHRQ D5 IRU 4= IRU  $O 2 ZDWHUDQG&XZDWHUQDQRIOXLG
)RUFRQVLGHULQJHIIHFWVRIGHQVLW\UDWLRDQG%URZQLDQGLIIXVLRQFRHIILFLHQWZHWDNHPHWDOOLFQRQPHWDOOLF
R[LGHQDQRIOXLGVZLWKWKUHVKROGYDOXHVDVJLYHQE\7]RX>@
 7 .Δ =   φ φ φΔ = − =  φ = 15 = %71 =   β −= × 5ρ = 
)LJXUHFRUUHVSRQGVWRWKHQRQRVFLOODWRU\YDULDWLRQRI D5 YHUVXVµ D ¶IRU 5ρ = 7KHILJXUHVKRZVWKDW
)LJ(IIHFWRIGHQVLW\UDWLRRQ D5 IRU  4 ε= =
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)LJ(IIHFWRI%URZQLDQWRWKHUPDOGLIIXVLRQFRHIILFLHQWRQ D5 IRU  4 ε= =
WKH ULVHLQ QDQRSDUWLFOH GHQVLW\ UDWLR WHQGV WR GHFUHDVH WKHUPDO5D\OHLJK QXPEHU7KLV LV EHFDXVH GLVWXUEDQFH GXH
WRQDQRSDUWLFOHVRIKLJKGHQVLW\LVPRUHDVFRPSDUHGWRWKRVHRIORZGHQVLW\1RQRVFLOODWRU\YDULDWLRQRI D5 ZLWKµ




,Q WKH SUHVHQW IRUPXODWLRQZH KDYH LQYHVWLJDWHG WKH HIIHFW RIPDJQHWLF ILHOG DQG SHUPHDELOLW\ RQ WKH WKHUPDO
LQVWDELOLW\RIDSRURXVQDQRIOXLGOD\HU7KHVWDELOLW\LVH[DPLQHGE\XVLQJPHWKRGRIVXSHUSRVLWLRQRIEDVLFSRVVLEOH
PRGHV DQG VLQJOH WHUP *DOHUNLQ DSSUR[LPDWLRQ (IIHFW RI GLIIHUHQW QDQRIOXLG SDUDPHWHUV LV VWXGLHG DORQJ ZLWK
PDJQHWLFILHOGDQGSRURVLW\DQGFULWLFDO5D\OHLJKQXPEHULVIRXQGRQWKHWUDQVLWLRQIURPVWDEOHWRXQVWDEOHPRGHV
2VFLOODWRU\ PRWLRQV DUH QRW SRVVLEOH IRU WKH WRS KHDY\ FRQILJXUDWLRQ RI QDQRSDUWLFOHV DV IRU WKH H[LVWHQFH RI
RVFLOODWRU\ PRWLRQV WZR RI WKH EXR\DQF\ IRUFHV PXVW DFW LQ RSSRVLWH GLUHFWLRQV (IIHFW RI PDJQHWLF ILHOG DQG
GLIIHUHQFH LQ WHPSHUDWXUH DFURVV WKH ERXQGDU\ LV WR SRVWSRQH WKH RQVHW RI FRQYHFWLRQZKLOH WKDW RI SRURVLW\ DQG
FRQFHQWUDWLRQ RI QDQRSDUWLFOHV LV WR TXLFNHQ WKH RQVHW RI FRQYHFWLRQ %URZQLDQ WR WKHUPDO GLIIXVLYLW\ UDWLR %71
VWDELOL]HVWKHV\VWHPZKLOHGHQVLW\UDWLRGHVWDELOL]HVLWVLQFHWKHUPDO5D\OHLJKQXPEHULQFUHDVHVGHFUHDVHVZLWKWKH
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